The aim of this study was to determine frequency of Hashimoto's thyroiditis (HT), by determination of serum TPO-Ab titer in goitrous adolescents attending Centre for Nuclear Medicine (CENUM), Mayo Hospital, Lahore, Pakistan.
BACKGROUND
Thyroid gland in children and adolescents needs special care as thyroid hormones play important role in cellular metabolism, growth and development 1 . Puberty is a crucial period of complex hormonal interactions in which marked changes in thyroid function occur as an adaptation to body and sexual development 2 . That is why minimal diffuse enlargement of thyroid gland is found in many teenage boys and girls as a physiological response to such changes [1] [2] [3] [4] [5] . This enlargement usually regress 3 but occasionally it may persist, enlarge and become nodular depending on many factors like gender, family history of thyroid disorder, iodine intake and presence of autoimmune thyroiditis (AIT) 2,6,7 . Low iodine intake enhances the TSH sensitivity and positive influence of growth factors involved in the physiological regulation of thyroid growth. The outcome of such stimulation may be substantial in girls leading to the development of goiter during mid to late puberty 2 . Such goiters are mostly colloidal and had been eliminated in many parts of the world after universal salt iodization (USI) 8, 9 . AIT is an inflammatory process and is the most common cause of thyroid enlargement and hypothyroidism in iodine sufficient areas 8, 10 . Thyroid enlargement due to AIT is termed Hashimoto's thyroiditis (HT) 10 .
In formerly iodine deficient areas where USI was successfully implemented emergence of HT in children and adolescents has been reported in the form of residual goiter 8, 10, 11 . In countries like Pakistan where USI program is partially successful and is going towards success 12, 13 etiology of an adolescent sporadic thyroid enlargement may either be iodine deficiency or AIT. A recent study conducted in Lahore reported that 21.2% of the adolescent girls had thyroid enlargement and majority of the goitrous girls (60%) were taking sufficient iodine 14 . Thus it seems that iodine deficiency is no more the sole cause of goiter and role of AIT may be suspected in the development of thyroid enlargement in local adolescents. The elucidation of exact etiology of an adolescent goiter is imperative because in contrast to 4 iodine deficiency goiter thyroid enlargement due to AIT (HT) is a distinct entity. It is a complex disease that is also associated with other autoimmune diseases 5 . HT may lead progressively to worsening of thyroid function that had negative effects on growth and metabolic function in children and adolescents 4, 5 . This study was planned to know frequency of HT, by determination of serum TPO-Ab titer, in goitrous adolescents with euthyroid or subclinical hypothyroid function status detected at Centre for Nuclear Medicine (CENUM), Mayo Hospital Lahore, Pakistan. Student T-Test and Chi-Square test was applied to test the significance of difference between two arbitrary groups. A value of p <0.05 was considered significant.
METHODS

RESULTS
A total of 277 adolescents presenting with goiter fulfilled the selection criteria and were selected for this study. All of them had serum FT 4 and FT 3 within respective normal ranges and TSH levels ranging 0.3 -9.1 mIU/L. Among them 194 were female and 83 were male patients with average age 15.8 ± 2.5 year and age range 10 to 19 year. The anthropometric and laboratory characteristics of these adolescents as well as a comparison between male and female adolescents are shown in Table 1 . Mean age and goiter sizes were comparable in male and female adolescents. Similarly mean levels of serum FT 4 and FT 3 were not significantly different between male and female participants. However, mean TSH level as well as 6 percentage of serum samples with TSH > 3.0 mIU/L was significantly higher in male than female adolescents (p<0.05).
Serum TPO-Ab titer above 10.0 IU/ml was detected in 46 adolescents ranging from 11.3 to 5904 IU/ml. Serum TPO-Ab titer higher than 20.0 IU/ml was detected in 38 (13.7%) adolescents. These adolescents were positive for TPO-Ab according to cutoff value provided by kit manufacturer. TPO-Ab positive adolescents as compared to TPO-Ab negative counterparts had comparable serum FT 4 (16.0±3.2 vs 16.6±2.8; p=0.254) and FT 3 (4.5±0.6 vs 4.7±0.8; p=0.457) but significantly higher TSH levels (3.7±3.1 vs 2.2±1.6; p=0.0062). The TPO-Ab positive adolescents covered the whole age range (10-19 year) and the youngest among them was 10 year old. Table 2 shows the association of factors like gender, age, goiter size and serum TSH with positive TPO-Ab titer in adolescents. It was found that percentage of positive TPO-Ab titer was more than double in female than male adolescents but the difference was not significant (16.5% vs 7.2%; p=0.120). Similarly early to middle adolescent age group (age ≤ 16 year) had higher percentage of positive TPO-Ab cases than late adolescent group but difference was comparable (16.1% vs 10.7%; p=0.428). This difference remained same when only female adolescents were compared after same stratification (19.5% vs 12.3%; p=0.411). Also a non-significant difference was found between adolescents presenting with palpable and visible goiter. However, effect of serum TSH was decisive in this regard. The adolescents presenting with basal TSH level above upper limit of normal range (4.0 mIU/L) had significantly higher incidence of TPO-Ab positivity as compared to those with serum TSH within normal range (30.4% vs 10.4%; p=0.001). Further analysis showed that among subgroup of adolescents with normal TSH level female (n=155) and male (n=52) adolescents had non-significant difference of positive TPO-Ab titer (10.3% versus 5.8%; p=0.608) but this difference was significant between female and male adolescents with TSH level ≥ 3.0 7 mIU/L (41.0% versus 9.7%; p=0.014). Thus with overall HT incidence of 13.7%, female adolescents with TSH level above normal range had the highest percentage of HT among local goitrous adolescents.
DISCUSSION
Sporadic benign goiter is an enigma and debate on role of genetic or environmental factor in its etiology is still continuing 15 . In contrast to endemic goiter, etiology of benign sporadic goiter is complex. Besides iodine deficiency, thyroid autoimmunity, goitrogen ingestion, certain medicine and various infections may be involved in its etiology. It is very difficult to establish on clinical grounds alone which single or multiple factor is operative 16 . This is particularly true for detection of HT, the hallmark of which is the presence of high titer of serum TPO-Ab. The aim of this study was to know the prevalence of serum TPO-Ab in adolescents presenting with benign goiter so that contribution of autoimmune thyroiditis in etiology of thyroid enlargement may be documented. Our results showed that among male and female goitrous adolescents 13.7% have high serum TPO-Ab titer manifesting chronic autoimmune thyroiditis. Thus thyroid swelling (goiter) in these adolescents is not because of iodine deficiency but is a part of HT. This is probably the first large study of its sort conducted in goitrous adolescents residing in study area. A previous small study has detected high serum TPO-Ab titer in 19.5% goitrous adolescents mostly female 17 . Recently Ahmed et al reported HT in 9.7% of 73 thyroidectomy specimen collected from young goitrous patients (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) year) residing in hilly areas of Pakistan 18 . Thus ours and other local studies confirmed the emergence of HT as a cause of goiter in Pakistan. Our result is in accordance to Marwaha et al (1998) that reported HT in 13.8% of adolescent girls in India 8 . Comparable studies in other countries had reported 3-9% incidence of HT in children and adolescents presenting with goiter 11, 19, and 20 . The variation in prevalence of HT among different studies may be due to racial difference or different patient selection method employed in these studies.
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The major risk factors for development of HT in adolescents are family history of thyroid disorder 21, 22 and high iodine intake status 10, 20, 22 . Other contributory factors for HT are female gender 23, 24 , goiter size 22, 23 and serum TSH level at presentation 23, 24 . We found that HT incidence in this study was independent of patient gender, age and goiter size and was positively associated only with serum TSH particularly above upper limit of laboratory range.
Thus serum TSH was the only decisive factor in suspecting HT in local adolescents. These observations are in contrast to other studies reporting high incidence of HT in female patients 23, 24 and among those presenting with large goiter 22 . The reason for TPO-Ab positivity in our patients may either be thyroid autoimmunity per se due to genetic component 25 , its induction after use of iodized salt for its treatment 20, 21 or both. Enhanced dietary iodine content after successful implementation of USI had been implicated to initiate or aggravate the thyroid autoimmunity that cause thyroid swelling in children and adolescents 11, 20 . Increased levels of autoantibodies against thyroglobulin (Tg) and/or TPO had been detected in serum sample of goitrous children and adolescents taking iodized salt 10, 11, 20 . As information regarding iodine salt use in these adolescents is not available so no definite role of these factors may be ascertained for presence of high titer of TPO-Ab in these goitrous patients. However, a recently conducted study in female adolescents at our Centre revealed that 64.7% of HT patients were consuming iodized salt 26 . So role of excess iodine consumption in initiation or aggravation of autoimmune thyroiditis cannot be excluded.
Simple benign goiter is still a therapeutic challenge in medical practice. Use of iodized salt for goiter treatment may be beneficial to those having iodine deficiency induced goiter 27 but for HT patients it is of no benefit. The continued use of iodized salt for HT treatment may possibly cause harm and lead to development of hypothyroidism. The treatment of choice for HT is thyroxine 28 . Along with this a careful supplementation of selenium and vitamin D in 9 case of their deficiency is also recommended 29 . Thus differentiation of HT among adolescents presenting with benign goiter is necessary for proper treatment and follow up.
This study has many shortcomings. First, the number of male adolescents was low as compared to female. This has hampered the true comparison of relative incidence of HT in female and male adolescents. Second urinary iodine was not determined in adolescents to elucidate role of dietary iodine in HT. Moreover, data regarding family history of thyroid disorder was missing. A large study is warranted to investigate relative contribution of current iodine supplementation as well as family history of thyroid disorder in HT development in children and adolescents presenting with goiter.
CONCLUSION
This study reports a prevalence of 13.7% of HT among local adolescents presenting with benign goiter. It may be speculated that emergence of HT is a natural consequence of USI started more than two decade ago in Pakistan. Further studies are required to characterize HT in different age groups of population. At present, realization of the presence and proper determination and treatment of this entity is necessary for thyroid heath in Pakistan. 
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